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A preliminary report was given previously (1) on the chemical com- 
position of alcoholic extracts of rat sarcomas following reduction 
in vacuo of the alcoholic content from 80 to 30 per cent. Intratumoral 
injection of the 30 per cent alcoholic concentrates into strictly inbred 
rats resulted in tumor regression in 203 of the 210 tumor-bearing rats 
treated. The tumor susceptibility of 149 of these cured rats was 
tested and it was found that all of them had developed tumor resist- 
ance. Later studies (2) showed that when the extract was injected 
subcutaneously into 94 rats of inbred strains, 50 per cent of the rats 
developed resistance to the growth of a tumor which had originated 
in their own inbred strain. This percentage of resistance compares 
favorably with that induced by vaccines in many diseases. 

In view of these data a more comprehensive and systematic survey 
of the general composition of these extracts is reported in this paper. 
Moreover, a comparison will be made between the composition of 
such extracts from a number of neoplasms with that of identically 
prepared extracts of a normal mesodermal tissue from normal rats, 
from rats bearing the tumors, and from rats in which the tumors had 
been made to regress, and which were then resistant to implanta- 
tion of the same tumor. Skeletal muscle, consisting of its muscle 
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fibres and connective tissue sheaths, was chosen for this purpose, 
since it was the host tissue in which the tumors grow. 


MATERIALS AND METHOD 


Source of extracts. Rats of two widely different, strictly inbred 
strains, the Aptekman albino and the Lewis albino strains, were used. 
Four types of 100 per cent transplantable neoplasms native in these 
strains were studied, namely Aptekman sarcoma No. 6, Lewis sar- 
comas No. 7 and No. 10, and the Lewis lymphoma No. 8. The 
lymphoma arose spontaneously, while the sarcomas were induced 
originally by means of an injection of methylcholanthrene. The 
tumors used for these studies were composed of compactly arranged 
cells, the majority of which were neoplastic (3). They had little 
stroma or blood, no edema fluid or hemorrhages and, with one excep- 
tion, practically no necrosis. It had been shown by Lewis (4) that 
hydrocarbon-induced sarcomas contain muscle tissue, although in 
late-transplanted generations the muscle fibers seem to have become 
dedifferentiated or die out. When the transplantable tumors had 
grown to a suitable size (40 to 60 grams), they were removed from 
the host. After this the skeletal muscle from these rats, as well as 
muscle from normal and immunized rats was removed for extraction. 
The immunized rats had been prepared as described previously 
(1)(3). 

Preparation of extracts. The animals were anesthesized with ether, 
and the tissue removed from each rat was kept in the cold room (3° 
to 4°C) until the total amount removed from all the rats was accumu- 
lated. Muscle was removed in the same manner from normal rats and 
from rats immunized (1, 3) against the growth of these sarcomas. 

The weighed tissue was taken from the cold room and minced in a 
Waring blendor with an amount of 95 per cent ethy! alcohol equal to its 
weight. During the removal of the muscle, it became evident that 
it contained less moisture than the tumor tissue. Samples dried in 
the oven at 100°C indicated that tumor tissue had about 85 per cent 
moisture, whereas muscle had only about 72 per cent. For this 
reason, 13 ml. of water per 100 grams of muscle tissue were added 
before blending the alcoholic extracts of muscle so that the final 
extracts of muscle and of tumor would have the same water content. 

The blended mixtures were allowed to stand in the cold room over- 
night and then centrifuged. Twice their volume of 95 per cent ethyl 
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alcohol was then added to the supernatants and after shaking the 
mixture was allowed to remain in the cold room for from two to ten 
days. The sediment, which was mainly crystalline, was centrifuged 
off in a refrigerated centrifuge. When tested with the alcoholometer, 
the alcohol content of the extracts was found to be 80 per cent. More 
crystals deposited in the extract on standing in the cold, and these 
were filtered off at 2° to 3°C. The clear extracts were then concen- 
trated at 28° to 30°C with low pressure to one-seventh of their vol- 
ume, and the final alcohol concentration was adjusted to 30 per cent. 
The extracts were left in the freezing box at —15°C until the maxi- 
mum sedimentation occurred; then they were filtered through What- 
man paper No. 42 at the same low temperature. The resulting solu- 
tions were stored at —6°C until used for analysis. They remained 
clear indefinitely at this temperature. 

Since the major portion of the extracts was needed for chemical 
studies, only a small amount of each extract was utilized for treat- 
ment of one or more tumor-bearing rats, in order to assure that these 
tumor extracts had potency similar to those tested in earlier studies 
(i, 3}. 

CHEMICAL METHODS 


All chemical analyses were carried out on duplicate or triplicate 
samples, and the figures given represent the averages. When colori- 
metric methods were used readings were made in the Klett-Summer- 
son photoelectric colorimeter with the appropriate filters. 

Solid weight determinations were made on samples dried for two 
hours at 110°C, and ash by incinerating at 450°C for one and one- 
half hours in platinum dishes. Inorganic and organic phosphorus 
were determined by the Fiske and Subbarow method (5); sulfur by 
the Pregl (6) gravimetric method; and potassium was tested for 
qualitatively with chloroplatinic acid. 

Nitrogen was measured by the Markham method (7); desoxyribo- 
nucleic acid (DNA) by the Dische diphenylamine method (8), adapt- 
ed to quantitative analyses by Seibert (9); and ribonucleic acid 
(RNA) by the Drury method (10), as recommended by the studies 
of Miller, Goldner and Miller (11). 

Carbohydrate, calculated as glucose, was determined by the Koehler 
modification (12) of the Morris anthrone method, using a ten-minute 
heating period, since in all cases more color was given than by a one 
and a half minute heating period. Glucose was also studied directly 
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by the Somogyi modification (13) of the Shaffer-Hartman method. 
Fructose was calculated from the results obtained by the trypto- 
phane-perchloric acid method, as recommended by Seibert, Pfaff and 
Seibert(14). Sialic acid, found in serum by Blix (15), was deter- 
mined* by the Ehrlich reaction, as recommended by Werner and 
Odin (16). 

Ascorbic acid was determined quantitatively by the Lowry, Lopez 
and Bessey method (17). As was shown earlier (1), it has a maxi- 
mum absorption at 2600A, which is also the maximum absorption of 
the tumor extract. 

Lactic acid was analyzed by the Miller and Muntz (18) method. 

Cholesterol, both free and combined, was measured on samples 
freed of alcohol, by the Shoenheimer and Sperry (19) method, and 
fatty acids by the dichromate oxidation procedure of Bloor (20) on 
fractions extracted with 7:1 petroleum ether-chloroform mixture (21). 


RESULTS 


The analytical data on these extracts have been collected for com- 
parative purposes in Table 1. Since the total solid content of the 
different extracts varied, the analytical values were recorded on a 
solid-weight basis in order to give a quantitative comparison between 
the different extracts. It shows that in certain of the constituents 
analyzed there is a striking contrast, even beyond the spread of in- 
dividual figures, between the values for the tumor extracts and those 
for all the extracts of the three types of non-tumorous tissues, which 
are closely similar to each other. 

Total solids varied from 19 to 34 milligrams per milliliter on the 
different extracts. The largest portion of all the extracts consisted 
of ash (10 to 36 per cent), amino acids or proteins (29 to 43 per 
cent), lactic acid (7 to 29 per cent), and RNA (6 to 17 per cent. 
Minor amounts of carbohydrate, DNA, ascorbic and sialic acid were 
also present. 

Ash. Of the total solid content, 10 to 36 per cent was found to 
be inorganic material, and on the whole there was less in the tumor 
(10.4 to 20 per cent) than in the majority of the non-tumor extracts 
(20.2 to 35.9 per cent). About 10 per cent or less of this ash was 
phosphorus, and it was noteworthy that there was five to seven times 
as much inorganic phosphorus in the non-tumor tissue (0.91 to 2.05 


*A preparation of sialic acid kindly given to us by Dr. Blix was used as standard. 
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per cent) as in the tumor tissue (0.12 to 0.40 per cent). The amount 
of organic phosphorus (0.47 to 1.28 per cent) appeared to be in ap- 
proximately the same range in all extracts. Sulfur determinations on 
three extracts, viz., from a tumor, from the muscle of a tumor-bear- 
ing rat, and from the muscle of an immunized rat, showed respec- 
tively 6.7, 4.5 and 6.6 per cent of the total ash as sulfur. Since the 
addition of barium chloride directly to the extracts caused no pre- 
cipitate it would seem that the sulfur did not exist as free sulfate, 
but must have been in organic combination, probably in the sulfur 
amino acids. A positive test with chloroplatinic acid indicated the pres- 
ence of potassium in the extracts. 

Nitrogen constituents. The total nitrogen content varied in all 
extracts between six and nine per cent. It was not significantly differ- 
ent in the extracts of tumor tissue (6.2 to 7.7 per cent) from those 
of muscle tissue (6.5 to 8.9 per cent). The largest part of the nitro- 
gen was found to be in the amino acid or protein moiety.* Some of 
the nitrogen was included in the nucleic acid components, and the 
analyses show that the desoxyribonucleic acid (DNA) was greater in 
all of the tumor extracts (0.42 to 1.11 per cent) than in the extracts 
of normal tissue (0.12 to 0.33 per cent). This is consistent with nu- 
merous reports in the literature (22). However, the DNA represented 
a low percentage of the total solids in all extracts. There was, in gen- 
eral, 40 to 140 times as much RNA (11.8 to 16.6 per cent) as DNA 
(0.12 to 0.33 per cent) in the extracts of muscle, and in contrast to 
this, only 5 to 14 times as much RNA (5.8 to 12.4 per cent) as DNA 
(0.42 to 1.11 per cent) was found in the tumor extracts. The higher 
content of DNA (1.1 per cent) and RNA (12.4 per cent) found in 
the extract of the lymphoma is consistent with the higher content of 
organic phosphorus (1.28 per cent) present in this extract. 

Ascorbic acid was found to form only a small percentage (0.08 to 
0.4 per cent) of the total solid content of the extracts. 

Carbohydrate constituents. Carbohydrate in general, was deter- 
mined by the anthrone method and calculated as glucose. It was 
shown, as indicated in Table 1, to be much less in the tumor extracts 
(0.8 to 1.8 per cent), except the Lewis sarcoma No. 10 (3.0 per cent), 
than in the muscle extracts (3.6 to 6.1 per cent). Glucose, deter- 
mined by the copper reduction method was in general somewhat less 
than by the anthrone method, except in the extracts of the three 


*This will be considered in detail in a future contribution. 
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Lewis tumors, where the relatively higher values may have been due 
to their relatively higher ascorbic acid contents, since ascorbic acid 
gives copper reduction. 

Fructose values obtained by means of the tryptophane-perchloric 
acid reaction, were found to be somewhat higher in the tumor ex- 
tracts (1.4 to 3.4 per cent) than in the normal tissue extracts (0.7 
to 1.7 per cent). However, this contrast must be viewed with cau- 
tion since the two highest tumor values (2.4 and 3.4 per cent) were 
obtained on the two extracts shown also to have higher ascorbic acid 
values, and Cohen (23) showed that ascorbic acid gives the trypto- 
phane-perchloric acid reaction. This will be discussed later. 

Sialic acid. The two tumor extracts which were analyzed for this 
substance by the Ehrlich reaction, showed higher values (0.78 to 
0.42 per cent) than did the three muscle extracts (0.19 to 0.22 per 
cent). 

Lactic acid. The proportion of lactic acid in the tumor extracts (7 
to 16 per cent) was significantly lower than in the extracts of muscle 
tissue (20 to 27 per cent). 

Cholesterol and fatty acids. No cholesterol, free or bound, and 
only traces of fatty acids or none at all, were found in either the 
extracts of neoplastic tissue or in those of muscle tissue. 

Biological tests. The results obtained in studies of the potency of 
the various alcoholic extracts showed that the extracts of the sarcoma 
tissue caused tumor regression followed by development of tumor 
resistance in all of the treated animals, while the extracts of the vari- 
ous types of muscle failed to do so. (Table 2). Only in the case 
of one rat, out of 17 treated, did injections of the normal muscle 
extract (from a tumor-bearing rat) succeed in bringing about regres- 
sion of a tumor, and when this rat was subsequently challenged it 
did not show resistance to the tumor. Earlier studies had shown that 
alcohol (30 to 50 per cent) failed to cause tumor regression (followed 
by tumor resistance (1) (3) (24), and, therefore, these tests were not 
repeated in this study. 

DISCUSSION 

Among the ash constituents, phosphorus represented 3 to 11 per 
cent of the total ash. Of this phosphorus 20 to 28 per cent was 
inorganic and the remainder (52 to 70 per cent) organic phosphorus 
in the tumor extracts, whereas in the extracts of normal muscle 50 to 
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70 per cent of the total phosphorus was inorganic, and 30 to 50 per 


cent was organic phosphorus. 
In the remaining ash sulfur and potassium were found and the 


sulfur appeared to exist chiefly in organic combination. 


TABLE 2 
PoTENCcY OF VARIOUS EXTRACTS IN PRODUCTION OF TUMOR REGRESSION AND TUMOR 
RESISTANCE 


Tumor Number 


Extract injected of injec- Results of Tumor 
Extract from into test tions with oncolytic used for Result of 
used tumor rat extract tests challenge challenge 
NN-I 26 6 Tumor grew 
6 8 “ “ 
NN-II *6 7 Tumor grew 
26 9 “ “ 
NT-I 26 4 Died—small tumor 
26 6 Tumor grew 


NT-II 26 7 Tumor grew 
26 10 Tumor regressed 76 Tumor grew 
210 5 Tumor grew 
(Lewis) 
NIm-I %6 7 Tumor grew 
26 7 “ “ 
$10 5 “ “ 
(Lewis) 
NIm-IlI 26 7 Tumor grew 
26 7 “ a“ 
T-I +6 26 6 Tumor regressed 26 No tumor grew 
36 6 “ “ 26 “ “ “ 
T-II 26 26 7 Tumor regressed 26 No tumor grew 
26 6 “ “ 26 “ “ “ 
26 6 “ “ $6 “ “ “ 
210 5 “ “ 210 “ “ “ 
(Lewis) 
None %6 ~ Tumor grew 
26 _ “ “ 
$6 . 
LN-I #12 7 Tumor grew 
LNT-II 212 9 Tumor grew 
LIm #12 9 Tumor grew 
LT 710 212 9 Tumor regressed 212 No tumor grew 
None 412 - Tumor grew 
212 os “ “ 
210 = “ “ 
210 — . “ 








FLORENCE B. SEIBERT, ET AL. 9 


It is difficult to state conclusively in what form the carbohydrate 
exists, because the different tests available are not entirely specific. 
However, the results with each test were evaluated in terms of the 
substance giving the highest specificity and reported as such in the 
table. 

The anthrone test, for example, will determine both glucose and 
fructose, and the blue green color of the solutions indicated that RNA 
also may have contributed something to the final values. However, 
this contribution must have been small, since heating for ten minutes 
was found to give higher results than a one and a half minute heat- 
ing period, which is used for determining ribose sugars (12). 

The tryptophane-perchloric acid reagent was originally recom- 
mended by Cohen (23) as a test for desoxyribonucleic acid, but re- 
sults on the extracts, calculated as such, would be 6 to 10 times as 
much as actually found by the more specific diphenylamine reaction. 
Fructose and ascorbic acid also give reactions with this reagent. The 
results were, therefore, calculated as fructose, because in view of the 
values obtained for ascorbic acid with the more specific reagent of 
Lowry, Lopez and Bessey (17), it is obvious that only a small amount 
of the tryptophane-perchloric acid reacting substance in the extracts 
can be ascorbic acid. Since the true ascorbic acid values for the LT-IT 
and LT-III extracts were found to be relatively high, this would ac- 
count for the somewhat higher tryptophane-perchloric acid values 
(0.24 and 0.34 per cent) of these two fractions. 

The hypothesis put forth by Blix (15) that all or much of the tryp- 
tophane-perchloric acid reacting material in serum may be sialic 
acid was tested on five representative extracts, as indicated in the 
table. Sialic acid gives practically the same degree of color reaction 
with the tryptophane-perchloric acid reagent as does fructose, and if 
the results were calculated as sialic acid, there would be 5 to 7 times too 
much sialic acid in the extracts, as compared with the results based 
on the more specific Ehrlich reaction. Therefore, it is probable that 
most of the substance in the extracts giving the tryptophane-perchloric 
acid reaction is not sialic acid, and may, therefore, be fructose, as 
formerly concluded. 

The content of glucose was furthermore determined directly by the 
copper reduction method, and, with the exception of those extracts 
having a high ascorbic acid content, the glucose was lower in the 
tumor extracts than in all the muscle extracts. This, along with the 
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fact that lactic acid also was lower in the tumor extracts, is consist- 
ent with the view expressed in the literature (25) that tumors have a 
high cellular metabolism. 

Although cholesterol and fatty acids have a low solubility in alco- 
hol under the conditions used in these experiments, it is interesting 
that practically none was found by analyses on these extracts. It is 
possible that the small amount that may have been extracted, was 
removed by clarification of the extracts at the very low temperature 
used. The suggestion given, therefore, by Hauschka (26) in refer- 
ence to the work of Aptekman and Lewis (2)(3)(24)(27) “that 
lipids and lipoproteins may indeed be basically concerned in the anti- 
genic individuality of neoplasms is further borne out by the success- 
ful immunization of rats against transplantable sarcomas of closely 
corresponding genotype, following a course of injections with alco- 
holic tumor extract,” could not be substantiated by the results ob- 
tained in the present study. 

When all the constituents determined are totaled, practically 100 
per cent, within experimental error, of the total solid material of the 
normal tissue extracts was accounted for, but it is highly significant 
that only about 75 per cent of the tumor extract could be identified. 
The differences found in these studies on alcoholic extracts of malig- 
nant and normal tissues indicate that there are gross fundamental 
differences in the chemical make-up of these two types of tissue and 
that certain well recognized components exist in different relative 
amounts in the two types of tissue extracts. 


SUMMARY 


Alcoholic extracts were made from three rat sarcomas and one 
lymphoma and compared with extracts made in the same manner 
from the skeletal muscle of inbred normal, tumor-bearing, and tumor- 
resistant rats. 

Analyses showed the extracts to contain 19-34 mg. per ml. of solids. 
Of the solids, 10-36 per cent was ash, 28-43 per cent was amino acids 
(based on the nitrogen content), 6-17 per cent was nucleic acids 
(RNA + DNA), 7-29 per cent was lactic acid, and 0.8-6 per cent was 
glucose. There was no cholesterol and only traces of fatty acids. 
Phosphorus, sulfur, and potassium were found to be present in those 
extracts tested. 

Little variation was found in the chemical composition of normal 
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muscle extracts, but significant differences were noted between the 
tumor extracts and these normal tissue extracts in many of the com- 
ponents analyzed. For example, in the tumor extracts the ash was 
about half, the inorganic phosphorus one-fifth, lactic acid half, glu- 
cose half, RNA two-thirds, but DNA three times as much as in the 
normal tissue extracts. 


A total of 100 per cent of the constituents of the normal tissue ex- 


tracts was accounted for, whereas only about 75 per cent was identi- 
fied in the case of the tumor extracts. 


:. 


nm 
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Investigations dealing with prenatal influences of the maternal thy- 
roid gland activity upon that of the offspring have been extremely 
few and those which have appeared are contradictory. In view of this 
paucity of evidence it is necessary to compare data across species and 
group lines, recognizing, of course, that wide species differences exist 
in the response to the various hormones. 

With respect to maternal hypothyroidism during gestation, one 
group of data indicates that the offspring are hypothyroid while a 
number of other investigators report that the offspring are hyper- 
thyroid. 

Rickey (1925), in one of the earliest reports, has noted that the 
offspring of thyroidectomized female rats were from 2 to 1/3 smaller 
at birth than the control rats and remained smaller and weaker 
than the control rats throughout their lives. She supported her 
contention of hypothyroidism in the offspring by noting that feeding 
them desiccated thyroid substance altered their development and 
behavior toward that of the normal rats. 

Marza and Marza (1929), using guinea pigs, report that the off- 
spring of thyroidectomized females were smaller and weaker than the 
control animals. Histologically, the cells of the thyroid glands were 
“greatly retarded.” Marza-Rusnac (1929) confirmed these findings. 
Contrary to this, Ukita (1919) reports that rabbits, thyroidectomized 
during the seventh to tenth day of pregnancy, gave birth to offspring 


‘This report is based on part of a study submitted to the Faculty of the Graduate 
School of Arts and Sciences of Washington University in partial fulfillment of the re- 
quirements of the degree of Doctor of Philosophy. The author is indebted to Dr. G. L. 
Kreezer of the Department of Psychology under whose direction the study was carried 
out and to Dr. L. G. Gumbreck of the Department of Surgery of Washington Uni- 
versity Medical School for his many helpful suggestions and criticisms. 
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whose thyroid glands were heavier than those of the control animals. 
Histological examination of these glands showed them to be abnor- 
mally well developed with regular large follicles containing large 
amounts of colloid. 

McCartney and Schaffner (1949a) report that hypothyroid dams 
produce chicks which are hypothyroid. Other work substantiates this 
(McCartney and Schaffner 1949b, Wheeler and Hoffman 1948a, b and 
1949). Hypothyroidism was produced in the dams by feeding thi- 
ouracil. The result that hypothyroid dams produced hypothyroid 
chicks might well be explained by the direct action of thiouracil in- 
cluded within the egg at the time of shell formation upon the em- 
bryonic thyroid. It seems unlikely that the lack of maternal thyroid 
activity, per se, could effect a change in the embryo which is only at 
about the gastrula stage at the time of egg laying. 

Gumbreck (1950) has pointed out that the relationship between 
the mother and fetus is somewhat comparable to that in parabiosis 
between thyroidectomized male and normal female rats. He reports 
that the thyroid glands of many, but not all, of the normal females 
were enlarged. The enlargement indicates excessive stimulation by 
thyrotropic hormone from the pituitary of the male. If the relation- 
ship of parabiotic animals is to be considered as being analogous to 
the maternal-fetal relationship, the placenta would necessarily be 
permeable to thyrotropic hormone. Tobin (1941) has found that the 
thyroid glands of rat fetuses show no signs of stimulation by injec- 
tions of thyrotropic hormone. It is surprising that the hemoendothe- 
lial placenta of the rat, consisting of only a fetal endothelium between 
the maternal and fetal blood supplies would be an effective barrier 
against the passage of a molecule even as large as that of the thyro- 
tropic hormone (Windle 1940). It is possible that the fetal thyroid 
of the rat does not respond to the thyrotropic hormone. 

The effects of maternal hyperthyroidism upon the metabolic activi- 
ty of the offspring are no less confusing. Reports have been published 
which indicate that the offspring of hyperthyroid female rats are, 
themselves, hyperthyroid while others, on equally good evidence, con- 
clude that maternal hyperthyroid rats produce hypothyroid offspring. 

Rickey (1925) reports that the behavoir of offspring of hyper- 
thyroid female rats is very similar to that of animals made hyperthy- 
roid by feeding desiccated thyroid substance. Dispensa and Hornbeck 
(1941) also claim to have produced rats which were hyperthyroid, as 
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judged by their growth records, by feeding desiccated thyroid sub- 
stance to mothers during pregnancy. 

On the other hand, Cunningham (1941) and Morrison and Cun- 
ningham (1941) claim that feeding desiccated thyroid to pregnant 
female rats produces a hypothyroid condition in the offspring, this 
being manifest by reduced growth rate, and that feeding desiccated 
thyroid to the offspring increased the growth rate to normal. Rose’s 
(1947) findings, that fetuses removed from hyperthyroid female rats 
tend to have their maturation delayed, substantiate these claims. On 
the basis of these investigations there would seem to be considerable 
variation in the balance of hormonal control of fetal thyroid activity 
between different species, different strains, or perhaps different indi- 
viduals. 

The present study is intended to provide additional information 
about the relation of maternal hypo- and hyperthyroidism to the 
growth and metabolism of the offspring. 


METHODS AND CONDITIONS 
Subjects 

The subjects of the P (parent) generation were 80 female and 10 
male albino rats between 90 and 120 days of age at the start of the 
experiment. 

The females of the P generation were divided into three groups. 
Thirty-one of the animals were designated as the Hypor group. The 
Hyperr group had 22 animals while the remaining 27 animals 
served as the Controlr group. 

The Hypov Group. The 31 female rats of the Hypor group were 
rendered hypothyroid by surgical removal of part or all of the thy- 
roid gland. The operative technique was essentially as described by 
Ingle and Griffith (1949). Seven of the animals of this group were 
totally thyroidectomized and in each instance an attempt was made 
to implant at least two parathyroid glands in the sternohyoid muscle. 
No check was made on the success of these implants. Close observa- 
tion of these thyroidectomized animals failed to reveal signs of para- 
thyroid deficiency. Twelve animals had one lobe of the thyroid 
gland completely removed and about '% of the other lobe, care being 
taken to leave one parathyroid gland in place and undisturbed. The 
remaining twelve rats had only one lobe of the thyroid gland removed. 
Four weeks after thyroidectomy the basal metabolic rate of the Hypor 
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group was determined. (This procedure is described in detail later). 
At the completion of this test they were placed in breeding cages 
with the males. 

The Hypery Group. The 22 females of this group were bred at the 
same time and to the same males as the Hypor females. Vaginal 
smears were taken each morning and examined for the presence of 
sperm. Where sperm was found the animal was isolated and six days 
later injections of thyroxine started. Crystalline thyroxine, obtained 
from the Squibb Pharmaceutical Company, was prepared for injec- 
tion as described by Monroe and Turner (1946). The thyroxine was 
dissolved in a 0.01N solution of sodium hydroxide and then diluted 
to 0.005N. Since the body weights of the animals were fairly uni- 
form, ranging from 190 to 220 grams, it was decided to administer 
constant amounts of thyroxine. Six females received daily injections 
of 0.012 mg. of thyroxine, six, 0.025 mg., five, 0.050 mg., and five, 
0.075 mg. The smallest dose is about 2.1 times the amount normally 
secreted by the thyroid glands of pregnant female rats of this weight 
while the largest is about 13.4 times that amount (Monroe and Turner 
1946). The injections were stopped two days prior to the expected 
date of delivery to insure normal delivery of the young (Rose 1947). 
Two weeks after weaning the young the females of the P generation 
again received daily injections of thyroxine. One week after the start 
of the injections the basal metabolic rate of the group was determined. 

The Control» Group. The basal metabolic rate of this group was 
determined at the same time as that of the Hypor group. They were 
placed in the same breeding cages and allowed to mate at the same 
time as the members of the experimental groups. No sham operations 
or placebo injections were given to the animals of this group. 

The F, Generation. Immediately after birth of the Fi generation 
(offspring of the P generation) the litter size was reduced to a maxi- 
mum of six animals. Those discarded were selected at random from 
the litter. This was done to avoid possible inanition in the case of the 
larger litters. The Fi generation was weaned at four weeks of age. 

Growth.—During the gestation and nursing period the mothers (P 
generation) were fed the standard laboratory diet of Purina Labora- 
tory Chow supplemented weekly with greens and a small amount of raw 
hamburger. After weaning, the animals of the Fi generation were fed 
Purina Laboratory Chow ad libitum. Each litter was weighed at one 
week of age and weekly thereafter for the next 11 weeks. The mean 
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weights of the litters of the three groups, regardless of sex, were re- 
corded. At 13, 24, 26 and 33 weeks of age the members of the three 
groups were weighed individually. 

Food Consumption.—Wang (1923) has suggested that an index 
of the total metabolism of an animal may be obtained by measuring 
its daily food consumption. The measure of daily food consumption 
was started at 13 weeks of age. Water was available at all times. 
Throughout the food consumption measures the standard diet of 
Purina Laboratory Chow, in powdered form, was presented in food 
cups especially designed to prevent scattering of the food. Occasional 
examination of the cages revealed no evidence of spilled food parti- 
cles. The food cups were weighed and filled daily. A mean of the 
amounts of food consumed on three consecutive days was taken as 
an index of the daily food consumption. 

Basal Metabolism.—Two respirometers of the type described by 
Morrison (1947) were used to measure the oxygen consumption rates. 
The animal chambers were immersed in a constant temperature water 
bath maintained at 28° + 0.50 centigrade. Benedict and MacLeod 
(1929) have found this to be the critical temperature above and 
below which metabolic rate rises. 

Following the procedure for the measurement of the basal metabolic 
rate of rats described by Horst, Mendel and Benedict (1934), all 
measurements were made between the hours of 10:00 A.M. and 
4:00 P.M. Thirty minute tests were given each animal on four al- 
ternate days. A habituation period of 30 minutes was allowed prior 
to the actual test period. During this time the system reached equilib- 
rium and the animal became quiet. 

The basal metabolic rates were computed in terms of Calories per 
kilogram of body weight per hour. In computing the basal metabolism 
a calorific value of oxygen of 4.825 Calories per litter was assumed 
(Hawk et al., 1947). 

The animals of the F: generation were 26 weeks old when the 
metabolism tests were made. All animals had been deprived of food 
24 hours prior to the test period. 

xlandular Weights.—At 33 weeks of age most of the animals of 
each group were sacrificed, weighed and the pituitary, thyroid and 
adrenal glands, the gonads and seminal vesicles removed. The con- 
nective tissue surrounding the glands was carefully removed prior to 
weighing. 
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RESULTS 

The P Generation 

The Basal Metabolism. The influence of the thyroid ablation and 
injections upon the basal metabolic rates of the P generation is pre- 
sented in Table 1. It is of interest to note that the mean rate of 
the Hypor group was 20.4 per cent below that of the Controlr group 
while the mean of the Hyperr group was 16.1 per cent above the 
mean of the Controlr group. Both of these values are well beyond 
the normal variation of + 7 per cent reported by Meyer and Ran- 
son (1945). Testing the difference between the mean basal metabolic 
rates by the t-ratio showed both experimental groups to be different 
from the control group by far greater than the 1 per cent level of 


confidence.” 
TABLE 1 
THE BaAsaAL METABOLIC RATES OF THE P GENERATION FEMALES IN CALORIES PER KILO- 
GRAM OF Bopy WEIGHT PER Hour 








Hyper, Group Control,, Group Hypo, Group 

N = 22 N 27 N 31 
Mean 7.26 6.25 4.97 
o 0.664 0.434 0.577 
om 0.145 0.085 0.105 
Diff. 
—~ 6.01* 9.48* 
od 





*Significant at the 1 per cent level of confidence. 


The mean rate of 6.25 Calories per kilogram of body weight per 
hour for the Controly group is very close to the 6.13 Calories per 
kilogram of body weight per hour reported by Carr and Krantz (1949) 
using the Haldane open circuit method of obtaining the oxygen con- 
sumption rate. 


The F, Generation 

Growth. Figure 1 presents the weights of the F: generation from 
one week after birth through the twenty-sixth week of age. During 
the first seven weeks of life the weights of these animals were ex- 
tremely close. At the eighth week the Hypor: group showed a consist- 


*A method of expressing the probability of differences between groups resulting from 
chance variation of the measures. Thus the 1 per cent level of confidence indicates that 
such a difference might result from change fluctuations in the scores only once in 
every 100 such samples. The other 99 times would be as a result of the experimental 
variable. 
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ently lower mean weight which persisted throughout the measure- 
ments. Not until the thirteenth week did the animals of the Hyperr: 
group show a slight increase weight over the Controlr: group. Neither 
of these differences was statistically significant.* 
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FIGURE 1 
Growth curves, as represented by body weight, of the F, generation. 


At 13, 24, 26 and 33 weeks of age individual weights were ob- 
tained, making possible an analysis of the weights with respect to the 
sex of the animals. Application of analysis of variance to these data 
yielded a significant F ratio between the females of the three groups 
at 13 weeks of age. Testing the difference between the means of the 
t-ratio showed that the females of the Hyperri group weighed very 
significantly (1 per cent level of confidence) more than the Controlr: 
females. No other differences between the three groups of either sex 
gave significant F ratios. 

Rate of Food Consumption. Wang (1923) has suggested that an 
index of the total metabolism of an animal may be obtained by meas- 
uring its daily food consumption. The F ratios of the analysis of 


‘When a difference between groups may be expected to occur less frequently than five 
times in every 100, the difference is considered statistically significant. 
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variance used to compare the mean grams of food consumed per kilo- 
gram of body weight per 24 hours of the three groups of either sex 
were not significant. 


TABLE 2 
MEAN Bopy WEIGHT OF THE F, GENERATION IN GRAMS AT 13, 24, 26 AND 33 
WEEKS OF AGE 


13 Weeks 24 Weeks 26 Weeks 33 Weeks 











Group N Mean N Mean N Mean N Mean 
Weight Weight Weight Weight 
Males 
Hyper, 17 292.9 17 301.1 17 285.9 10 334.0 
28 .0* 49.2 526 26.6 
Control,, 19 285.7 16 298.2 15 281.3 11 319.3 
F1 

44.1 42.1 43.1 75.0 
Hypo, 11 273.5 11 304.7 10 296.3 10 319.3 
25.1 264 28.7 53.1 

Females 
Hyper; 14 209.5 13 224.2 13 214.3 9 230.9 
97 41.2 41.2 20.1 
Control; 19 193.3 19 217.1 18 210.4 10 229.3 
18.1 54.0 333 35.7 
Hypo, 12 183.2 11 202.9 11 187.6 11 214.7 

16.6 15.0 


11.5 13.8 





*Standard Deviation. 
TABLE 3 








MEAN GRAMS OF Foop CONSUMPTION PER KILOGRAM OF Bopy WEIGHT PER 24 Hours 
OF THE F, GENERATION. AGE 13 WEEKS 
Males Females 
Group N Mean o* N Mean o* 
Hyper; 17 70.10 8.95 14 84.20 13.75 
Control, 19 72.48 11.62 19 82.06 20.06 
Hypo,, 11 82.70 21.01 12 78.70 7.25 





*Standard Deviation. 


Comparison of the males : 1d females of each group yielded a sig- 
nificant F. The t-test showei that only the females of the Hyperr 
group consumed significantly more food than the males of that group. 

Basal Metabolic Rate. Table 4 presents a summary of the mean 
basal metabolic rates of the three groups in terms of Calories per 
kilogram of body weight per hour. Comparison of the groups by 
analysis of variance showed that no significant differences existed 
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between the groups of either the males or females. When the males 
and females of each group were compared, the F ratio obtained was 
highly significant. The t-test showed that the females of each of the 
three groups had a very significantly (1 per cent level of confidence) 
higher bagal metabolic rate than the corresponding males. 


TABLE 4 
BasAL METABOLIC RATE OF THE F, GENERATION IN CALORIES PER KILOGRAM OF Bopy 
WEIGHT PER Hour. AGE 26 WEEKS 





Males Females 
Group N Mean o* N Mean o* 
Hyper, 17 5.42 0.72 13 6.66 0.79 
Control», 15 5.45 0.73 18 6.09 0.72 
Hypo, 10 5.16 0.48 11 6.43 0.94 


*Standard Deviation. 


Gland Weight. The mean gland weights in milligrams per kilo- 
gram of body weight are shown in Table 5. Analysis of variance 
showed that no statistically significant differences existed between the 
gland weights of the three groups of males. In the case of the females 
it was found that the adrenal glands and ovaries of the three groups 
were significantly different. Examination of these differences by the 
t-test showed that the adrenal glands of the Hyperr: females and the 
Hypor: females were reliably heavier (at the 5 and 1 per cent levels 
of confidence, respectively) than those of the control females. The 
ovaries of the Hypor: group were reliably heavier than those of the 
Control: group at the 1 per cent level of confidence. 


DISCUSSION 


Comparison of the basal metabolic rates of the P generation 
demonstrated conclusively that these animals were from different 
populations with respect to metabolism. It should be remembered 
that these values were obtained on no .-pregnant females. Danforth 
and Loumos (1936) have shown that, using a criterion of oxygen con- 
sumption, pregnant rats are more tolerant to desiccated thyroid than 
non-pregnant rats. While the effects of pregnancy probably reduced 
the rate of oxygen consumption in the Hyperr group from that shown 
in Table 1, the fact still remains that the young gestated in an en- 
vironment in which there was from 2.1 to 13.4 times the amount of 
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thyroid hormone provided by the thyroid gland of normally pregnant 
rats. 

The growth rates of the three groups, as indicated by weight in- 
crements, prior to 13 weeks of age failed to reveal any significant 





TABLE 5 
MEAN GLAND WEIGHT IN MILLIGRAMS PER KILOGRAM OF Bopy WEIGHT. AGE 33 WEEKS 
Seminal 
N Pituitary Thyroid Adrenal Gonads Vesicles 

Males 

33.74 51.08 103.72 8410.4 2251.6 
Hyperp 10 3.50* 5.34 29.90 1194.0 794.5 
32.75 59.56 127.19 10140.5 2413.5 
Controly, = 11 6.75 14.33 39.05 2107.0 551.5 
38.08 64.55 142.97 9594.1 2715.3 
Hypopy 10 6.04 14.40 41.50 2099.0 779.8 


Females 


66.31 70.16 233.41 239.73 
Hyperpy ’ 11.22 11.97 31.81 36.10 
60.09 62.06 193.46 230.96 
Control}, a0 8.78 33.18 32.77 48.20 
63.43 78.22 236.28 307.13 
Hypopy si 13.43 18.25 22.45 54.05 


*Standard Deviation. 


differences. This is at variance with the results of other studies. It 
will be recalled that Rickey (1925) reported a continued retardation 
in the growth of offspring of hypothyroid females while she and 
Dispensa and Hornbeck (1941) report accelerated growth in the off- 
spring of females fed desiccated thyroid substance. Cunningham 
(1941) and Morrison and Cunningham (1941), on the other hand, 
report that feeding desiccated thyroid to pregnant females retards 
the growth of the offspring. The differences between the data of this 
study and those reported by others does not appear to be readily ex- 
plained except by the kind and quantity of thyroid substance ad- 
ministered and possibly, by strain differences in the rats used. 

When the sexes were considered separately at 13 weeks of age, the 
females of the Hyperr: group were found to be very significantly 
heavier than those of the Controlr: group. At 24, 26 and 33 weeks of 
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age no significant differences were found. One possible interpreta- 
tion of the difference at 13 weeks and the lack of significance found 
at the other periods is that the effects of altered metabolic environ- 
ment during gestation may have produced a change in the metabolic 
activity of the organisms which is, in turn, reflected in the growth 
rate. The change in metabolic rate during this period, if it occurs, 
must be of a transitory nature for the subsequent course of growth 
changes, relative to the Controle: group, and the basal metabolic 
rates taken at 26 weeks of age showed no difference between the 
groups. This explanation is consistent with Peruzzi’s (1937) recog- 
nition that there are certain periods in the development of an organ- 
ism during which added demand is placed upon the endocrine sys- 
tem, particularly the thyroid gland. Acceptance of this explanation 
would necessitate the added assumption of a differential effect of a 
hyperthyroid environment during gestation upon the sexes as opposed 
to the effects of a hypothyroid environment during gestation. 

The fact that no statistically significant differences between the 
groups were found in the measures of daily food consumption at 
13 weeks of age is opposed to an explanation of the body weight 
differences based upon a transitory change in metabolism. 

There is some discrepancy between the rate of food consumption 
as a measure of metabolism and the basal metabolic rate as measured 
by the rate of oxygen consumption. In comparing the males and 
females within each group only the females of the Hyperr: group con- 
sumed significantly more food than the males. No differences were 
noted between the males and females of either the Controlr: or 
Hypor: groups. Since Meyer and Ranson (1945) and Monroe and 
Turner (1946) as well as the present study indicate that females 
have a higher basal metabolism than the males, one would expect to 
find that the females of the Controlr: and Hypor: groups would also 
consume more food per kilogram of body weight than the males. This 
expectation was not realized. 

No statistically significant differences were noted in the basal 
metabolic rate of the three groups at 26 weeks of age. Examination 
of the sex differences obtained showed the males to have a signifi- 
cantly lower rate than the females. These differences are consistent 
with the report of Monroe and Turner (1946) that females have a 
higher thyroid secretion rate than males when computed indepen- 
dently of body weight. Benedict and MacLeod (1929) failed to find 
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a difference in the oxygen consumption of males and females. This 
might result from differences in the method of computing metabolic 
activity used in the studies. Benedict and MacLeod computed 
metabolic rates in terms of square meters of body surface, while in 
this study the basal metabolic rate was computed in terms of kilo- 
grams of body weight. The latter technic has been shown to be the 
more reliable of the two (Horst, et al. 1934). 

Comparison of the weights of the various glands of internal secre- 
tion taken at 33 weeks of age showed the adrenal glands of both the 
Hypor: and Hyperr: females and the ovaries of the Hypor: group 
were significantly heavier than those of the Controlr: group. The 
lack of statistically significant differences in the weights of the thy- 
roid glands of the three groups is in agreement with the tests of oxy- 
gen consumption. Several studies, discussed earlier, have indicated 
changes in thyroid gland activity of offspring of hypo- and hyper- 
thyroid guinea pigs and rabbits. These data, however, were obtained 
within a few days of birth. It is conceivable that the thyroid glands 
of the rats of this study were either hyper- or hypoactive during this 
period. If such was the case it undoubtedly was of a transitory na- 
ture and certainly was not reflected in the mean body weights taken 
at one week of age. 

In general, this study indicates that no change results in the off- 
spring, on the basis of the measures used, when the maternal rats are 
either hyper- or hypothyroid during pregnancy. There may have been 
effects of the experimental conditions prior to one week of age but 
certainly none which would affect body weight after that time. 


SUMMARY 


The growth, metabolism and endocrine gland weights of offspring 
(Fi groups) of hypothyroid (basal metabolic rate, —20.4 per cent) 
and hyperthyroid (basal metabolic rate, +16.1 per cent) albino rats 
were compared with those of normal rats. The major findings and 
conclusions are as follows: 

1. No differences were noted in the growth, as indicated by body 
weight increments, from 1 week to 33 weeks of age except at 13 
weeks of age when the Hyperr: females weighed more than the Con- 
trolri females. 

2. General metabolism, as indicated by the rate of food consump- 
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tion per kilogram of body weight, did not differ significantly in the 
three groups at 13 weeks of age. 

3. Basal metabolism, as indicated by the rate of oxygen con- 
sumption per kilogram of body weight per hour, did not differ sig- 
nificantly in the three groups at 26 weeks of age. 

4. Comparison of the pituitary, thyroid and adrenal glands, the 
testes, ovaries and seminal vesicles at 33 weeks of age showed that 
only the adrenal glands of the Hypor: and Hyperr: females and the 
ovaries of the Hypor: were significantly heavier than those of the con- 
trol groups. No explanation is offered for these differences. 
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TURKEYS 


A. H. SmitH, W. O. WILSON AND N. PACE 


Departments of Poultry Husbandry and Physiology 
University of California, Davis and Berkeley 
and 
The White Mountain High Altitude Research Station, Big Pine 


(Paper No. 448—Reccived for publication February 18, 1954) 


The diminished partial pressure of oxygen encountered at high 
altitude results in the alteration of many physiological processes (11, 
14). There are indications in the literature that the growth of ani- 
mals may be depressed when exposed to these conditions. Hurtado 
(6) has reported a reduction in body weight of young Andean natives 
as compared to sea level residents of similar racial stock. Van Liere 
(13) observed that the majority of a group of young adult guinea pigs 
exposed to simulated altitudes of 14-18,000 feet suffered considera- 
ble weight loss. Moore and Price (10) found that rats born at 14,000 
feet had a depressed growth rate, although those born at 9,600 feet 
or those brought to the higher altitude after weaning grew normally. 

The recent availability of a high altitude station in the White Moun- 
tains of California (4), with laboratories at 10,500 and 12,500 feet, 
has given us the opportunity of studying the effects of high altitude 
on the growth and development of birds. Broad Breasted Bronze 
Turkeys (Meleagris gallopavo) were selected for these studies since 
stocks with known growth characteristics were available. Also con- 
sidered were the turkey’s fast rate of growth and complex nutritional 
requirements which might be upset by the high altitude. 


METHOD 


Thirty poults were taken from Davis (altitude 50 feet) on the day 
of hatching (20 April 1953) to the White Mountain Station in a con- 
ventional poult shipping box. The laboratory at 10,500 feet elevation 
was selected as a brooding site to minimize the anticipated interfer- 
ence with growth. 

A brooder was made from a kerosene incubator with a run (a 3’ x 
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4’ x 8’ wire cage) connected to the open door. Brooding started 36 
hours after the poults’ removal from the incubator, and was termi- 
nated three weeks later. The poults were then kept in the wire cage 
in the laboratory (60°F) until 55 days old, at which time they were 
moved to an outside pen. An enclosed roost furnished night shelter 
for the birds. In the fall, when the birds were 6 months old, lights 
were installed in the shelter to furnsh 14 hours of illumination per 
day. 

The turkeys were fed practical rations, mash and pellets, which 
had been prepared for use by the departmental flock at Davis. The 
composition of these rations corresponds to Ration 3, table 10, and 
Ration 1, table 11, as described by Asmundson and Kratzer (1). Body 
weights were obtained at intervals, and some birds were sacrificed to 
determine the weights of various organs. 

A comparison of the weather at the White Mountain station and 
at the Davis campus for the period reported here (April-October 
1953) is given in table 1. 

RESULTS 

The behavior of the White Mountain turkeys indicated that they 
suffered some physiological disability at 10,500 feet altitude. They 
tended to remain in a close group, moving only slowly and intermit- 
tantly around the pen; they showed no inclination to exercise their 
wings. Similar birds at Davis appeared to be more active, being con- 
tinuously in motion and flying over fences at an early age. When the 
White Mountain birds were handled (for weighing, etc.) their brief 
struggling induced a marked hyperventilation which persisted for a 
minute or two. 

The mortality up to 6 months, excluding two killed accidentally, 
one killed for perosis, and nine sacrificed for organ weights, was 23%. 
All deaths occurred on the third and fourth days of brooding. Since 
the husbandry conditions were not optimum, these deaths may be 
considered a brooding failure as well as due to the high altitude. A 
reasonable mortality under optimum brooding conditions would ap- 
proximate 10%. Moore and Price (10) found a much higher mor- 
tality (82%) in rats born at 14,260 feet, but observed no mortality 
in rats born at 9,600 feet or brought to the higher elevation after 
weaning. 

The growth of the White Mountain birds was less than that of sea 
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level controls during their first few weeks at high altitude. Between 
the time these birds were removed from the incubator at Davis and 
put in the brooder at White Mountain, they lost an average of 15% 
of their body weight. After two weeks brooding, their average weight 
was only 64% of that of a control group of the same hatch brooded 
at Davis. Beyond 11 weeks, however, the growth of the White Moun- 
tain turkeys was comparable to that expected of birds raised at sea 
level. A growth curve of these birds compared with standard growth 
data (1) and with another group raised simultaneously at Davis is 
presented in figure 1. The body weights represent at least 5 “ and 8 * 
through the 114 day period. The 186 day weights are on 3 birds 
only, 2° and 1 °; eight of the 11 birds retained after 114 days age 
were killed by a predator at 6 months. The two surviving males had 
been the heaviest ones, and the female about average, at earlier weight 
periods. 

The normal growth of the White Mountain birds, in spite of an 
early growth depression, may result from the influence of several fac- 
tors which compensated any growth inhibiting effect of the high alti- 
tude. The cooler weather at White Mountain (table 1) is generally 
favorable to the growth of turkeys. The minimal physical activity 
observed in the White Mountain birds would favor a more efficient 
conversion of feed to body substance. 

The sanitary conditions of the White Mountain turkey yard also 
may have enhanced the growth of birds raised there. It has been found 
(3) that birds raised in new areas show no growth response to anti- 
biotic feeding, and they grow at about the same rate as antibiotic 
fed animals in previously used areas. This indicates that growth en- 
hancement by antibiotic feeding results from the suppression of organ- 
isms, detrimental to the bird, which tend to “accumulate” in areas of 
poultry husbandry and which are absent in new areas. Excreta samples 
and preserved gut sections from sacrificed birds were found to be free 
from intestinal parasites by Prof. J. R. Douglas, School of Veterinary 
Medicine, Davis. This is perhaps to be expected since the White 
Mountain birds had not been exposed to other turkeys since hatching. 

Maturation, as well as growth, appeared to be normal in the high 
altitude birds. The one surviving hen, under artificial light, started 
laying at 35 weeks of age and laid 14 eggs in the first month of lay- 
ing. Seven of these eggs were incubated at Davis, and all were found 
to be fertile. Only one of these eggs hatched; however, the low 
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GROWTH CURVES OF TURKEYS 
WHITE MOUNTAIN AND DAVIS 
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AGE IN DAYS 
FIGURE 1 
GRGWTH CURVES OF TURKEYS AT WHITE MOUNTAIN AND AT Davis 

The weights of the White Mountain birds at and prior to 76 days represent 7 ¢ and 
9*. The 90 and 114 day weights represent 5“ and 8°, and the 186 day weights 
represent 2° and 1°. The curve marked D (A & K) is taken from Asmundson and 
Kratzer’s Bulletin (1) and represents standard growth performance for similar stock 
at sea level. The curve marked D (W) represents a very large group of turkeys raised 
at Davis, over the same period as the White Mountain birds. 
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hatchability was considered due to damage in transit (via parcel post) 
rather than non-viability of the embryo. 

The mean relative organ weights (i.e., gms. organ per 100 gms. 
body weight) were calculated for the high and low altitude groups. 
These data are compared, with White Mountain birds, as % of Davis- 
raised birds, in table 2. The relative organ weights of the Davis con- 


TABLE 2 
CoMPARISON OF MEAN RELATIVE WEIGHTS OF ORGANS FROM WHITE MOovunNTAIN AND 
Davis TuRKEYS 


(White Mountain Birds as % of Davis Birds) 


11-12 Weeks , 16-18 Weeks 
No. of Birds 3:4 332 
Heart 147* 110 
Lung 85 70 
Kidney 100 107 
Spleen 73 117 
Liver 110 110 
Pancreas 125 100 
Proventriculus 73 83 
Gizzard 80 105 
Adrenals —- 100 


*Statistically Significant at the 5% level of random probability. 


trols are quite similar to data of Marsden (8) and Latimer and Rosen- 
baum (7) for mature turkeys. 

The only organ which showed a statistically significant weight 
difference in the high and low altitude groups, was the heart. At 
11-12 weeks the heart weight of the White Mountain birds was 50% 
greater; but in older birds, 16-18 weeks, it was only 10% greater 
than Davis controls. Van Liere (13) has reported an average in- 
creased heart size (55%) in mature guinea pigs exposed to simulated 
high altitude (14-18,000 feet). One animal which received the long- 
est treatment (105 days) “showed signs of atrophy but gave evidence 
of a previous hypertrophy.” These observations suggest that some 
slower developing, perhaps cellular, adaptation process replaces an 
early accomodative increased heart output which causes an increased 
heart size. It is interesting to note Van Liere’s statement (14) that 
adapted people at high altitude have normal heart rates and blood 
pressures. 

The tremendous increase in relative spleen size (five-fold) ob- 
served by Van Liere (13) in his guinea pigs after exposure to simu- 
lated high altitude was not observed in the turkeys described herein. 
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This non-reactivity of the spleen may reflect a different structure and 
function of this organ in the bird. In the domestic fowl the spleen 
does not have the extensive trabeculae nor the muscle fibers which 
are found in the mammalian spleen (2). Sturkie (12) has tested 
the ability of the hen’s spleen to store erythrocytes and, following 
certain stimuli, discharge them into the circulation, and has found 
no evidence of such a “reservoir’’ function. 

The White Mountain turkeys showed a decreased relative lung 
weight (15 and 30%). This is quite in contrast to Hurtado’s obser- 
vations (6) on man in the Andes, from which he concluded that in- 
creased lung capacity, distension of alveoli, and engorgement of lung 
capillaries were major factors in adaptation to high altitude. The 
anatomy of the avian lung and respiratory system generally, as with 
the spleen, is quite different from that of the mammal (2). Resulting 
functional differences in the lungs of these two classes may account 
for their different growth reactions to high altitude. 

DISCUSSION 

In evaluating the results presented here, it is desirable to evaluate 
the degree of hypoxic stress to which the experimental birds were 
subjected. The partial pressure of air in the bird’s lung, 421 mm. Hg., 
can be calculated from the mean barometric pressure, 516 mm. Hg., 
by subtracting the water vapor pressure, 55 mm. Hg., and the CO» 
tension, 40 mm. Hg. The oxygen tension in the lungs of these birds 
would be 88 mm. Hg. Similar calculations indicate that the lung gas 
of sea level birds would have an oxygen partial pressure of 139 mm. 
Hg. Thus, at the 10,500 feet elevation, the lung oxygen has only 
63% of the sea level concentration. 

The effect of this reduced oxygen tension on the oxygenation of the 
bird’s blood can be approximated from oxygen dissociation curves 
of the blood of other birds (5, figure 2). From these data it would 
appear as if the blood of the White Mountain turkeys was only 
82-90% saturated with oxygen. The observations on behavior and 
organ growth indicate that this degree of hypoxia was physiologically 
significant. By comparison, an 84% oxygenation of hemoglobin in 
unadapted man leads to an appreciable handicap in performance. 

The survival, normal growth and attainment of sexual maturity of 
the White Mountain turkeys indicate that they were successful in 
adapting to this degree of hypoxic stress. This apparent normality 
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would also indicate that the rations, which are based on “sea level” 
requirements for specific nutrients, are adequate in supporting growth 
and development up to 10,500 feet altitude. It has been suggested 
that the requirements of some vitamins, particularly thiamin and as- 
corbic acid (not considered a dietary requirement for birds), may be 
increased at high altitude (9). Since the thiamin content of the ra- 
tions fed is very much larger than the recommended allowance, a 
large increase in the requirement could occur and be undetected. The 
nicotinic acid content of these rations, however, is only slightly above 
the recommended allowance, and the adequacy of the ration indicates 
that the high altitude induced no appreciable increase in its require- 
ment. The single case of perosis which was observed is not consid- 
ered indicative of a nutritional disturbance induced by high altitude, 
since this disease is encountered with this frequency (i.e., 3%) on 
these rations at sea level. 


SUMMARY AND CONCLUSIONS 


Day old broad-breasted bronze turkey poults were brooded and 
subsequently reared at an altitude of 10,500 feet. The rate of growth 
and attainment of sexual maturity was equivalent to that observed 
with similar stock at sea level. Anatomic studies indicated that a rela- 
tive increase in heart size was the principal developmental change. 
The increases in lung and spleen size observed in mammals were not 
found in these birds. 
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A specific type of microorganism has been observed, isolated, and 
cultivated consistently from every one of hundreds of specimens ob- 
tained from both animal and human cancer of various types over a 
five year period. It has a polymorphic developmental pattern which 
a number of others (1-9) in various parts of the world have observed 
wholly or in part. Our chief contributions to the bacteriologic study 
of this organism are (a) the recognition of its potential acid-fast 
properties by Wuerthele-Caspe (10-13) and (b) the demonstration 
by Alexander-Jackson (14-16) of the similarity of its developmental 
morphology to that of the mycobacteria of tuberculosis and leprosy 
which she had studied closely for more than fifteen years. These con- 
tributions towards an understanding of this pleomorphic mycobac- 
terium-like organism which we have tentatively called Mycobacterium 
tumefaciens, were made possible by utilizing easily repeated stain 
technics and methods of cultivation which have not heretofore been 
applied in cancer research. 

The outstanding characteristics of the organism apply to similar 
acid-fast microorganisms which we have isolated from various other 
proliferative and degenerative diseases of obscure etiology, including 
Hodgkin’s disease, scleroderma, sarcoid, arthritis, and Wilson’s dis- 
ease (hepatoventricular degeneration). An experiment was carried 
out with blood from scleroderma patients involving the intraperitoneal 
inoculation of 30 white mice and 30 controls. During the last three 
years 621 other animals, including mice, guinea pigs, and chickens, 
were inoculated with pure cancer cultures. A number of chick em- 


‘Presented in part before the 6th International Congress for Microbiology, Rome, Sep- 
tember 6-12, 1953. 
“Research Fellow, Lessing J. Rosenwald Foundation. 
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ANIMAL AND HUMAN CANCER 


bryos were also infected by inoculation of cultures in the chorio- 
allantoic membrane. The invasive, slow-working pathogenicity and 
type of pathology produced by the cultures from scleroderma* and the 
other afflictions mentioned above, suggest that this type of micro- 
organism may play a major role in a variety of chronic diseases (26). 

The following characteristics are important in the identification of 
these microorganisms: 


(1) 
(2) 


(3 
(4) 
(5) 


— 


(6) 
(7) 


(8) 


(9) 
(10) 


(11) 
(12) 


*Confirmed, 1953, at Pasteur Inst., Brussels (32). 


Acid-fast staining properties—especially in tissues. 

Ability of the smaller forms to enter the cytoplasm and nu- 
cleus of host cells. 

Filterability of the smallest forms through Seitz or fritted 
glass filters. 

Large cyst forms within which develop acid-fast granules and 
rods. 

Failure to grow on ordinary media, and scant growth of pri- 
mary isolates, which in from five days to two weeks form a 
granular mat at the bottom of liquid media, and on stain- 
ing and in hanging drops reveal many symplasms. Cf. Fig. 1. 
Development at times in necrotic tissue, or in special media, 
of highly motile rods which form a pellicle that sinks readily 
to the bottom of the tube or flask. (5), (34), (35). 

Ability of the motile rods, when once established, to grow on 
ordinary media, and even at room temperature. 

Resistance of motile rods to (a) temperature—90 degrees 
Centigrade for 14 minutes—and (b) penicillin—0O.1 ml of 
culture grew out in the presence of 1,000 units of penicillin 
per ml. 

Ability of Seitz filtrates from motile rod cultures to redevelop 
the rods after some weeks of incubation. 

Pathogenicity of bot motile and non-motile cultures for 
animals. Death occur ‘d in 24 hours when white mice re- 
ceived 0.2 ml and gui: a pigs received 0.5 ml intraperitoneally 
of motile rods. Survi' ors develop a chronic systemic disease 
with granulomatous lesions, giving rise at times, in the case 
of the cancer organism, to neoplasms. 

Gram stain variability. 

Presence in motile rods of colorless areas similar to those 
observed by some in rods and filaments of tubercle bacilli. 
Cf. references (19). (20), (21), and Fig. 3. 
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(13) Development in older cultures of mycelium-like filaments with 
rudimentary branching and budding. 
(14) Fluorescence as shown by Gerlach (7) and Diller*. 


MEDIA 


The principal media employed over a period of five years include 
Difco’s brain-heart broth with and without glycerin, Dubos medium, 
Alexander-Jackson’s modification of von Szabocky’s glycerol lung 
broth, dextrose blood agar, Alexander-Jackson’s adaptation of Bush- 
nell’s poi agar, Petragnani, Lowenstein-Jensen, Dorset egg media, 
and Wuerthele-Caspe’s chick embryo agar. The embryonated egg 
was utilized in early work, and in the first successful efforts to induce 
motile rods to develop in non-motile cultures isolated from patients’ 
blood. The living chick embryo proved an excellent medium. How- 
ever, since some embryonated eggs contained mycobacterial forms, 
this medium is not one of choice for work involving mycobacteria or 
other acid-fast organisms. Growth of primary cultures on Sabouraud’s 
medium was scant or negative. Our best results have been obtained 
with Alexander-Jackson’s broth, and recently, with Wuerthele-Caspe’s 
autoclaved chick embryo agar. The method of preparation of these 
two media is given below. 


Alexander-Jackson’s sensitive peptone broth: 


Ingredients: 
a 2,000 ml 
RUS SOE, COR OP ons cnvivcnvoces 2 pounds 
ice and win Gah ia aie 20 grams; 5 grams each of 


(a) myosate, (b) gelysate, (c) trypticase, 
(d) phytone (obtained from Paltimore Biological Labora- 
tory, Inc., 1640 Gorsuch  ve., Baltimore 18, Md.) 
PE cc whectwnnane eRe aren 10 grams 
EE be iiduenatemweiinescahhe 30 ml 


Boil the beef lung and water for 30 minutes. Filter through cotton 
or very coarse paper into a flask containing the other ingredients, 
and heat to dissolve. This crude lung broth can be autoclaved and 
stored in the icebox, and clarified subsequently. Autoclaving for 
a second time does not seem to produce any adverse effects. 


*Personal communication. 
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Clarification: 

A 1- to 2-mm layer of infusorial earth (Standard Filter Cel of 
Johns-Manville Co.) is deposited on a No. 42 Whatman paper disc 
by laying the disc on a Buchner funnel, applying suction, and then 
carefully pouring on about 500 ml of a 5 per cent suspension of 
Filter Cel. After the deposition of the layer, when the water goes 
through clear, the suction flask is well rinsed out. The hot medium 
can now be filtered through the prepared disc into the flask. 

The medium should be filtered a second time through a Buchner- 
type funnel with a fine fritted glass disc, or else passed once more 
through the same Filter Cel. 


pH Adjustment: 


The pH of the medium should be adjusted to 7.4 with sodium 
hydroxide. The medium is then tubed into screw-top glass tubes 
150 x 25 mm (Kimble Glass Co., Toledo, Ohio). The tops of the 
tubes are not screwed tightly until after autoclaving. Autoclave 
for 15 minutes at 15 pounds pressure. Place about 5 ml of medium 
into each tube; or place 50 ml in a 250-ml Erlenmeyer flask for 
primary isolates. Close the flasks with cotton plugs held in a single 
layer of gauze, and protect the plug by a paper drinking cup or 
cone. 

The peptones included in the above broth were studied indi- 
vidually. Myosate, a pancreatic hydrolysate of heart muscle, 
favored small virus-like and coccoidal forms. Gelysate, a gelatin 
hydrolysate, appeared to favor slender acid-fast rods and non- 
acid-fast rods containing acid-fast granules. Phytone, a papaic 
digest of soya meal (suggested by Dr. George A. Clark), and tryp- 
ticase, a pancreatic digest of casein, both favored the readily grow- 
ing motile rods. A combination of all four peptones provides a 
medium which allows a wide variety of forms to develop, and makes 
it easier to recognize the presence of the organism in primary isola- 
tions. Von Szabocky used Witte’s peptone. Other peptones were 
tried which supported growth of isolates: Difco’s bactopeptone, 
and Armour’s peptone. A Merck peptone was used by von Brehmer, 
and Glover stated that certain “sensitive” batches of Fairchild’s 
peptone were necessary in order to produce motile rods. 


Wuerthele-Caspe’s Chick Embryo Agar 


The contents of 8-15 day old embryonated hens’ eggs are 
ground up in a Waring blendor, mixed with 1.5 per cent melted 
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agar, tubed in screw-top glass tubes, preferably large ones, slanted, 
and autoclaved at 15 pounds for 20 minutes in the slanted position. 


ISOLATION OF CULTURES 


Blood specimens were taken by sterile hypodermic syringe after 
the skin had been well rubbed with tincture of iodine and alcohol. 
Upon withdrawing the needle from the vein, a few drops of blood 
were expelled to wash off any chance contaminant adhering to the 
needle as it passed through the skin; or else after removing the needle 
from the syringe, a few drops of blood were expelled before placing 
the balance into sterile tubes, or into tubes or flasks of broth. The 
amount of blood cultured was from 0.2 to 0.5 ml in 5 ml of broth in 
a 150 x 25 mm screw-top tube, or 2 to 5 ml of blood in 50 ml of broth 
in a 250-ml Erlenmeyer flask. It is important to have a shallow layer 
of liquid medium for sufficient aeration. Becton-Dickenson vacuum 
bottles were also employed in obtaining blood. 

Tumors were usually cut up with sterilized instruments, extracted 
with normal saline, and the extract passed through a Seitz filter 
before cultures were made. Sometimes small snips carefully removed 
from the center of the tumor were cultured and proved uncontami- 
nated by other organisms. 

After incubation at 37°C for 10 days to 2 weeks, a generous 
amount of the primary culture was transferred by pipette to fresh 
medium. In 4 or 5 days granular growth was seen. Frequent trans- 
fer of at least 0.5 ml inocula and alternation of media helped the 
development of early cultures. Sterilized lumps of bone and plant 
charcoal appeared to have a slight stimulating effect, probably due 
to traces of salts and minerals. 

Smears and unstained hanging drops were made from time to time. 
Agglutination tests were made in hanging drops by adding droplets 
of the culture to droplets of various sera. Any pellicle appearing on 
the surface of the culture was examined for the presence of motile 
forms, and then transferred. If the organisms showed acid-fast 
forms, they were tested for pathogenicity. In the case of our motile 
cultures, inocula of 0.2 - 4 ml into white mice and 0.5 ml into young 
guinea pigs proved fatal within 24 hours. 

Smears were made on clean, new glass slides, and labeled with dia- 
mond pencils. Wax pencils were avoided because even a trace of wax 
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FIGURE 1. 
FIGURE 2. 


FIGURE 3. 


FIGURE 4. 
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FIGURES 1-4 
Various ForMs OF THE MICROORGANISM ISOLATED FROM HUMAN CANCER: 


Zoogleal Form in Primary Blood Culture. 2500X. Grown 
on Alexander-Jackson’s Sensitive Peptone Broth. 

Coccoidal Forms and Filaments with Rudimentary Branching. 
2500X. Dextrose Blood Agar. 

Motile Rod Forms Showing Some Rods Breaking Up _ into 
Granules; the Smallest Ones at the Extreme Right Are Acid- 
fast. 2500X. Alexander-Jackson’s Sensitive Peptone Broth. 

Colonies of S Type on Dorset Egg Slant; Large Burnt-orange 
Pigmented Colony at the Right. 
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may be mistaken for granule forms of mycobacteria. Sterile capillary 
pipettes or slender glass tubing were useful for drawing up small 
amounts of granular or lacy growth directly above the red blood cells 
at the bottom of primary culture tubes or flasks. After allowing the 
films to dry in air, they were flamed on the underside rapidly 4 or 
5 times. 

Control blood specimens were obtained from blood bank donors 
and from other sources. None of the 88 blood bank donor cultures 
showed the organism. Blood cultures obtained from 12 healthy 
tuberculin-negative young nurses were also apparently free of the 
organism. However, we have found carriers of this type of organism 
in “normal” controls taken at random. A blind test was run on 25 
blood cultures, 5 of which were cancerous, and on 20 applicants for 
jobs, in apparent good health. The cancer bloods were all positive, 
and 10 of the 20 control bloods also showed forms of this type of or- 
ganism. Our study of bloods from controls is not sufficient to be of 
statistical significance, but our findings agree generally with earlier 
work by Glover and his associates* who found a large percentage of 
carriers—approximately 20 per cent of normals, and 40 per cent of 
an indigent elderly group. This does not seem strange when one con- 
siders the fact that according to vital statistics of recent date, one 
person in five eventually dies of cancer. It should also be remem- 
bered that healthy persons may carry other pathogens such as diph- 
theria bacilli, pneumococci, streptococci, tubercle and typhoid bacilli. 
Mice receiving the Bittner milk factor do not develop mammary car- 
cinoma until middle age. It seems significant that we have obtained 
this microorganism in 100 per cent of cultures made by us from 
hundreds of human and animal neoplasms, and that the organisms 
apparently are identical to those obtained from cancer patients by 
workers in various other parts of the world, several of whom have 
visited our laboratory or have sent us their cultures. 


STAINING METHODS 


The staining technic which we have found especially useful is a 
triple-stain modification of the usual Ziehl-Neelsen method employed 
for staining acid-fast organisms. It was devised by Alexander-Jackson 
(14) to demonstrate non-acid-fast and non-bacillary forms of Myco- 


*Personal communication. 
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bacterium tuberculosis which are not revealed by ordinary Ziehl- 
Neelson counterstains. When this differential stain was applied by 
Wuerthele-Caspe to smears from neoplastic tissues, striking myco- 
bacterial forms were revealed. The triple stain also made evident 
minute acid-fast bodies not only within the cytoplasm, but even 
within the nucleus of cancer cells. Similar virus-like bodies were 
found in tumor filtrates and in primary blood cultures from cancer 
patients. These tiny elementary bodies, many of which are surrounded 
by a colorless area or capsule, and other larger forms, both acid-fast 
and non-acid-fast, have been completely overlooked or otherwise in- 
terpreted by most cancer workers. Stained sections of methylcholan- 
threne and fuel-oil induced tumors of the rat and rabbit, respectively, 
were obtained through the kindness of Dr. Margaret Lewis of the 
Wistar Institute, Philadelphia, and Dr. K. Sugiura of Sloan-Kettering 
Institute, Memorial Center, New York. These stained sections were 
decolorized in acid-alcohol, and after restaining with the Ziehl stain, 
bacterial forms showed up which appeared identical with those shown 
by the same stain on smears and cultures from naturally occurring 
cancers. 

In applying the Alexander-Jackson triple-stain technic, details of 
which were published in Science (14) (1944), the Loeffler’s methylene 
blue counterstain is made even more penetrating by the addition of a 
few drops of normal sodium hydroxide to each slide while it is cov- 
ered with the blue dye. When studying a pure culture, one may then 
simply wash the slide, blot with clean bibulous paper, and examine. 
However, in smears from mixed cultures, tissue or body fluids, the 
excess methylene blue of the background is bleached out by freshly 
prepared dilute sodium hydrosulfite solution. Non-acid-fast myco- 
bacterial forms resist this weak bleach, whereas all other non-acid- 
fast organisms, tissue cells, or background material are decolorized 
and take up a third dye—an acid green and acid yellow mixture. 
When washing out the unfixed carbol-fuchsin from both the leprosy 
and the cancer specimens, it has been found advisable to use 1 per 
cent HCI in 70 per cent alcohol for a few seconds or for as little time 
as is needed for proper differentiation, as these organisms appear to 
be much more alcohol-sensitive than the tubercle bacillus. 

When using the ordinary Ziehl-Neelsen stain, we have found Vic- 
toria blue, as recommended by Gerlach (7), an excellent dye, as it 
is a clear flat blue devoid of the variations in tone often found in 
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methylene blue. Other stains employed at various times were Feul- 
gen’s, Fite’s, Macciavello’s, and the Hotchkiss-McManus stain. Sec- 
tions were routinely stained by haematoxylin and eosin, and the regu- 
lar Ziehl-Neelsen technic. The acid-fast bodies are Feulgen-positive, 
suggesting that whatever function (20, 27, 28) they may perform, 
they contain desoxyribosenucleic acid. 


MorPHOLOGY OF THE ORGANISM 


In addition to the Seitz-filterable intracellular acid-fast bodies of 
0.2 » previously mentioned, still smaller submicroscopic bodies rang- 
ing in size from 20 to 70 millimicrons were revealed in electron micro- 
scope photographs of our cultures taken by Hillier (11). These 
bodies are of viral dimensions. Larger coccoidal forms, often con- 
nected by slender filaments, range in size from 1.5 » to cyst-like ring 
forms 3 to 4 in diameter. Still larger globi reminiscent of leprosy 
are found. Globoid forms suggest budding forms of fungi. The larger 
cyst forms in tissue, if not differentially stained, can be confused with 
cell nuclei of the host. 

When cultivated on our media, the predominating form found in 
primary blood cultures from cancer patients and patients with the 
proliferative diseases we have studied* is a pleuropneumonia-like 
zoogleal matrix or symplasm, in which are embedded bodies of vari- 
ous sizes, some acid-fast, others non-acid-fast. This form has been 
described in detail by Gerlach (7). In patients with apparent resist- 
ance or who are undergoing treatment, round body forms are promi- 
nent. The coccoidal forms are sometimes difficult to distinguish from 
common cocci. However, they do not remain in the coccoidal phase 
in a favorable sensitive medium, but evolve either directly into rods 
by lengthening out, or else undergo a more complicated develop- 
mental process. This consists in enlargement into cyst-like ring 
forms. Small oscillating granules appear within the cyst, or bud from 


*Brown and his co-workers (30) state: “It might be logical to suggest that there may 
be a more fundamental antigen (than that of the streptococcus) as a common denomi- 
nator in all collagenous diseases.” 

“If a common antigen does exist in these diseases it must meet certain criteria. The 
persistence of the antigen in the affected areas might suggest that it is a living agent 
invisible in tissues. This agent should be capable of passing cell membranes and resid- 
ing intracellularly in greatest concentration at the affected areas where the signs of 
clinical activity are most marked. It should be of low pathogenicity, and behave more 
as a parasite than as a virulent agent. Organisms of the pleuropneumonia group (L or- 
ganisms) would satisfy these criteria.” 
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its rim. In the very much larger globi, the rims break up into fila- 
ments and rod-shaped segments. Some of the granules within also 
elongate into rods. The granules, rods, and rims are often acid-fast 
on stained films. In old cultures, rods or filaments sometimes appear 
to coil up into rings, suggesting that under some conditions cysts can 
arise in this fashion. 

In a culture developing in broth, cysts may become pear-shaped 
and discharge their inner contents through a short “neck”. Grigoraki 
(29) has described such a phenomenon in some of his cultures of 
M. tuberculosis. The free granules, many of them in pairs, lengthen 
out into slender acid-fast rods, often with pointed ends. Sometimes 
needle-like acid-fast rods or filaments extending from a group of 
granules are star-like or have a sea-urchin aspect. Similar forms have 
been observed constantly in unstained hanging drops. Many of these 
rods are highly refractile and in tissues are sometimes surrounded by 
a substance possibly secreted either by them or by the host. They 
have an active Brownian motion. 

The slender rods enlarge, and at this point the majority of them 
may develop true motility (34) by virtue of flagella, their motility 
varying from a lazy gliding and twisting, to intense activity. Mo- 
tility, however, is not a permanent characteristic. In cultures allowed 
to age, even at room temperature, the rods lengthen out into motion- 
less filaments which break up into round bodies. At times granules 
appear to bud out from the rods. Colorless areas which fail to take 
any of the stains used are also seen within some of the rods. Such 
non-staining areas have also been described for the tubercle bacillus 
by Coppen-Jones (19), Knaysi, Hillier and Fabricant (20), and by 
Brieger (21). With our stain technic one can occasionally observe 
in the center of the unstained area one or a pair of very minute 
bodies, which with their colorless surrounding vacuole or capsule re- 
semble inclusion forms found by Wuerthele-Caspe in tumor tissue. 

Filtrates of Seitz-passed motile rod cultures, in which only tiny 
virus-like bodies could be found, redevelop motile rods after a month 
of incubation at 37°C in our sensitive broth. This fact would seem 
to preclude their belonging to the true viruses or that they are viruses 
carried along by the rods. It is of interest to mention that Brieger 
(19) has observed virus-like forms in infective tuberculous tissue 
extracts, and Alexander-Jackson’s study of isolates from the blood 
of leprosy patients strongly indicates the existence of virus-like phases 
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of Mycobacterium leprae. Further close study of single-cell isolates 
in microdroplets is necessary to prove beyond doubt that these amaz- 
ingly plastic fungus-like bacteria actually generate virus-like forms 
which are part of their life history. 

It may well be that the known cancer “viruses” such as the Rous 
sarcoma virus, the mouse leukemia agent of Gross (22, 23) the Bitt- 
ner milk factor concerned in mouse mammary carcinoma, and even 
Shope’s papilloma virus of rabbits, actually represent filterable virus- 
like phases of pleomorphic bacteria. The results of our studies made 
from human and animal tumors, blood cultures inoculated into a 
variety of animals, and cultures grown from the Rous and Bittner 
agents, suggest that this may be true. Neoplasms have arisen in some 
of the various animals inoculated with pure cultures, notably in 
guinea pigs, which rarely develop spontaneous cancer. Koch’s postu- 
lates have been fulfilled by the repeated re-isolation from infected 
animals of cultures of the inoculated organism. 

Both motile and non-motile cultures isolated from cancerous blood 
and tumors undergo immediate clumping with loss of motility in the 
presence not only of specific sheep and rabbit antisera, but also in 
the presence of sera from animals immunized against tumor extracts, 
and in the presence of sera obtained from convalescent cancer pa- 
tients. Moreover, preliminary protection experiments with rabbit an- 
tisera on culture-infected mice and leucotic chickens have given en- 
couraging results. More extensive immunological experiments are 
now under way with sheep sera obtained from a small flock immunized 
with attenuated cultures isolated from cancer, scleroderma, arthritis, 
and Wilson’s disease. It is of interest to note that cross reactions 
occur among the various strains in agglutination tests in hanging 
drops, and in skin tests with various antigens upon infected guinea 
pigs. None of the guinea pigs tested gave any reaction to tuberculin. 
The organism from Wilson’s disease resembled that isolated from 
Hansen’s disease and gave excellent Vi type of agglutination in serum 
from a leprosy patient. The guinea pig infected with this newly dis- 
covered pathogen of Wilson’s disease gave a slight reaction to Car- 
ville lepromin. One of two leprotic guinea pigs also reacted to Carville 
lepromin. Guinea pigs infected with the organism isolated from can- 
cer failed to react to lepromin. However, organisms from leprosy 
patients gave marked cross agglutination reaction in sera from ani- 
mals inoculated with cancer strains and vice versa. Serum from a lep- 
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rotic patient agglutinated and immobilized motile rods obtained from 
blood of cancer patients. These results are not incongruous when 
one bears in mind that BCG is now being tried to immunize children 
against leprosy, and that red cells sensitized with tuberculin are being 
employed in a test with sera from Hansen’s disease patients (24). 
Such facts point to common antigens among these various acid-fast 
organisms. 

Organisms of plant cancer. It also seemed of interest to investi- 
gate the organism of plant cancer currently known as A grobacter tume- 
faciens, using the same methods employed in working with isolates 
from human and animal cancers. Accordingly, strain A-6, a strain of 
A. tumefaciens virulent for plants, was obtained from Dr. A. J. Riker 
of the University of Wisconsin. This highly motile strain was placed 
in Alexander-Jackson broth and stained from time to time with the 
Ziehl-Neelsen and triple stains. Initially, the rods were non-acid-fast, 
but red-staining acid-fast bodies could be seen within a number of 
them when stained with the Ziehl-Neelsen method. After several 
weeks some of the bodies were noted lying free. Such a culture was 
inoculated intraperitoneally into six white mice. An equal number of 
control mice received broth alone. All the mice survived infection and 
were sacrificed three months later. The livers were pale, but no other 
abnormality was seen. Smears made from the organs showed large 
numbers of semi-acid-fast rods in the liver and spleen. Some of these 
were in cord-like arrangement, calling to mind cords of Mycobac- 
terium tuberculosis described by Middlebrook (25). Here and there 
characteristic Y forms were seen but were acid-fast. 

The organisms of plant cancer were immobilized and agglutinated 
by sera from sheep immunized against cultures derived from human 
cancer, and also by sera from sheep immunized against human tumor 
extract. Further experiments including biochemical studies are needed 
to determine whether or not Agrobacter tumefaciens is actually one of 
the mycobacteria. 

SUMMARY 

A specific microorganism with a polymorphic developmental pat- 
tern has been isolated and cultivated consistently, in special media 
described, from every one of hundreds of specimens of blood or tumor 
tissue obtained from cancerous animals and human cancer patients 
over a five year period. Its various forms range in size from 20 p» 
to 4 ». The organism has acid-fast as well as non-acid-fast forms, 
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which in cancerous tissue are especially well demonstrated by Alex- 
ander-Jackson’s triple stain. 


The organism was pathogenic for mice, guinea-pigs, and chick 


embryos. Its motile rod form in definite amounts killed the animals 
within 24 hours. The lesions of surviving animals were granuloma- 
tous, neoplastic, or showed intergradations. Seitz-filtered cultures, 
after prolonged incubation in the above-described media, redevel- 
oped the larger forms, indicating that the filter-passing bodies are a 
stage of this polymorphic mycobacterium-like organism. 


Animal and human cancer strains, and Agrobacter tumefaciens were 


immobilized and agglutinated by the sera of sheep and rabbits im- 
munized against human tumor extract, and against cultures derived 
from human cancer. 


nm 
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SQUIRREL, SPERMOPHILUS UNDULATUS BARROWENSIS 
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Los Angeles, 7, California and Arctic Research Laboratory, 
Point Barrow, Alaska 


(Paper No. 450—Received for publication April 5, 1954) 


INTRODUCTION 


The growth and development of young ground squirrels of the 
genus Spermophilus have been mentioned in the work of several 
authors. The papers of Johnson (3) and Wade (10) on Spermophilus 
tridecemlineatus, Shaw (9) on Spermophilus columbianus, Svihla (8) 
on Spermophilus townsendii, and Fitch (1) on Spermophilus beecheyi 
are all concerned, in some measure, with this problem. None of the 
authors named, however, have made a detailed study of the growth 
and development of ground squirrels from their natal day through 
the first year of adult life, although Johnson (3) has presented the 
most complete treatment of this subject to date. In the papers of 
Mayer (4, 5, 6, & 7) dealing with the Barrow ground squirrel, Sper- 
mophilus undulatus barrowensis, some mention is made of its breed- 
ing and growth. As so little about this animal has been previously 
published and since almost nothing is known of its development, this 
paper has been written to provide such information. 

The Barrow ground squirrel (Figure 1) is found along the coastal 
tundra of Alaska north of the Brooks range, as indicated by Howell 
(2, p. 91) and Mayer (5, p. 49 & 6, p. 335). Its distribution over 
the tundra is not uniform but rather is limited to small areas of 
suitable habitat where the permafrost table is sufficiently low to allow 
the construction of burrow systems. Because of the unique ecological 
niche occupied by this animal and the severe climatic rigors to which 
it is subjected, it offers an unusual opportunity to study growth and 
development which of necessity must be accelerated to allow the young 
of the year to attain sufficient size and weight during the brief sum- 
mer to enter hibernation in the fall. 
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FIGURE 1 
Adult Spermophilus undulatus barrowensis in typical stance by burrow entrance. 
August, 1951. Teshekpuk Lake, Alaska. 
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In their habitat on the wet, flat, treeless, arctic tundra the ground 
squirrels are exposed to extreme cold during the months from October 
to May. Although certain rodents such as lemmings of the genera 
Lemmus and Dicrostonyx are active throughout the winter period, the 
ground squirrel resorts to hibernation to avoid the rigors of the en- 
vironment. During a maximum activity period of five months adults 
must gain back not only weight lost during the previous winter’s 
hibernation but also that lost in the demanding post-emergent breed- 
ing season. In three months of above-ground foraging the young of 
the year must attain sufficient size and weight to allow them to enter 
hibernation in the fall and to emerge in the spring in breeding con- 
dition. 

Growth and Development in Adult Animals 


Adults enter hibernation in September and emerge early in May of 
the following year. Fifteen adults weighed during May averaged 
715.3 grams, varying in weight from 407.9 to 1018.6 grams. The 
five males averaged 920.9 grams (813.3-1018.6 grams), while the 
ten females averaged 612.5 grams (407.9-959 grams). During the 
post-emergent month the animals may live largely on stocks of food 
stored in the nest the previous fall, for the dead, dry surface vegeta- 
tion of the previous year is trozen and covered with snow. During 
May breeding takes place, one instance of mating having been posi- 
tively established as occurring on May 24th (Mayer 5, p. 52). 

The total adult population of the study area during June was 
eighteen animals. The average weight for the population was 659.1 
grams, varying from 504 grams to 810.7 grams. This represents a 
weight loss for the total population of 56.2 grams, or a decrease of 
7.5% from the weight in May. Despite the fact that almost all the 
eleven females became pregnant by the first weeks of June and were 
post-partum and lactating by the latter part of the month, their weight 
average was 633.8 grams (504-801 grams), a gain of 21.3 grams or 
3.5% over their May weight. The seven males, however, averaged 
699 grams (569-810 grams), showing a loss in weight of 221.9 grams 
or 24% of their weight in May. During the breeding season the 
polygamous males range widely in their search for mates. This hyper- 
activity undoubtedly is related to their June weight loss. It is also 
possible that the breeding season increases the males’ demand for 
food and causes them to exhaust their stocks of stored food more 
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quickly than do the females. With green surface vegetation not yet 
available, this lack of stored foods could be a major contributing 
factor to the males’ loss of weight. 

In July the ground is freed of snow and ice, and the dead surface 
vegetation of the previous year is exposed and replaced by abundant, 
fresh, green vegetation. Released from the pressures of the mating 
season, and with succulent new food readily available, sixteen adult 
animals in the study area in July averaged 779.3 grams (622.9-956.7 
grams) in weight, an increase of 18% over the weight in June. The 
greatest gain was made by the five males of the population which 
averaged 870.7 grams (801.7-956.7 grams) or 24.5% over the June 
weight. The eleven females, which were still lactating during the first 
weeks of July, averaged 737.7 grams (622.9-839.5 grams) or 16.3% 
over the June weight. 

The weight of the adult population of fifteen animals in August 
averaged 924.9 grams (671.9-1260 grams), an 18.6% increase over 
the July weight. The five males averaged 1027.4 grams (870-1260 
grams), a 17.9% increase over the July weight, and the ten females 
averaged 873.6 grams (671.9-1143.5 grams), an 18.4% increase 
over the July weight. The greater increase for the females during 
August may be accounted for by the fact that they are now entirely 
free of caring for their young. 

Only two adult animals were captured during September, indicative 
of the fact that most of the adults enter hibernation during August. 
The weight of these two averaged 933.6 grams (916.2-951 grams), 
a gain of but 8.7 grams or 0.9% over the average August weight. This 
slight gain is in marked contrast to the large weight gains shown 
in the months of July and August and indicates that the squirrels 
have already attained sufficient weight by August to permit them to 
enter hibernation without utilizing the month of September for forag- 
ing. That this is an advantageous adaptation is easily understood in 
view of the fact that by the 15th of September the first frosts of fall 
had already killed the green, summer vegetation of the study area. 
By the 22nd of September the first snows had already fallen, and by 
the 29th of September the lakes had started to freeze again, so that 
the situation in September as regards available vegetation resembled 
that of the previous June. 

The total weight gain for the adult population from May emer- 
gence to September hibernation averaged 30.5%. Comparing the Sep- 
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tember pre-hibernation weight of 933.6 grams with the May emer- 
gent weight of 715.3 grams, it is evident that during the eight-month 
hibernation period the adults lost 218.3 grams, or 23.3% of their 
September weight. During hibernation the males lost 106.5 grams, 
or 10.3% of their August weight, and the females, 338.5 grams, or 
35.5% of their September weight. This difference in weight loss is not 
clearly understood and can hardly be explained on the basis of the 
females’ preparation for spring breeding as the males are likewise in 
preparation. Other reasons will have to be studied in order to explain 
this difference between the sexes. 

The weight changes for adults are summarized in Figures 2, 3, and 4. 
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FIGURE 2 
Comparison of weight changes of adults and young of the year at the Meade River 
study area. 


Growth and Development of the Young 


The young Spermophilus undulatus are born in June after a gesta- 
tion period of 25 days. The number of young per litter varies from 
five to ten, the average of six litters being 7.8. The average birth 
weight of six litters ranged from 9.7 to 13.2 grams. In one litter of 
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five animals the individuals averaged 12 grams (11.1-12.8 grams), 
in another litter of eight they averaged 9.7 grams (8.1-11.5 grams), 
and in a litter of nine they averaged 10.8 grams (9-12.1 grams). In 
contrast to these figures Shaw (9, p. 109) reports the average birth 
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FIGURE 3 
Weight changes of adults and young of the year shown in Figure 2 analyzed 
according to sex. 


weight of individuals in a litter of Spermophilus columbianus to be 
8.6 grams, after a gestation period of from 23 to 24 days. Wade 
(10, p. 272) reports a 27 to 28 day gestation period for Spermophilus 
tridecemlineatus, with an average weight of 2.6 grams for each of the 
newborn young. The average weight for newborn Spermophilus town- 
sendii, as reported by Svihla (8), is 3.7 grams. Spermophilus beecheyi 
in California most closely resembles Spermophilus undulatus in adult 
size, and, as reported by Fitch (1, p. 578), the average weight of new- 
born young in six S. beecheyi litters was 8.9 grams. This considera- 
tion of comparative weights is indicative of the rapid development 
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of S. undulatus in the relatively short gestation period of 25 days. 

This rapid pre-natal growth is an obvious adaptive advantage in an 

animal which will have such a short post-natal growing season. 
Although comparative size figures for young animals are not readily 
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FIGURE 4 

Weight changes of the adult population of the study area plotted as the natural log W: 
minus the natural log W:, showing instantaneous growth rates for 

the months of surface activity. 
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available in the works of other authors, Svihla (8) presents some 
data on S. townsendii, indicating that the total length of newborn 
young averaged 52.6 mm., the tail length averaged 6.29 mm., and 
the hind foot had a mean length of 6.26 mm. The same measure- 
ments for S. undulatus newborn are 66.1 mm., 10.4 mm., and 8.3 mm. 
respectively. These figures, like those for weight, show the rela- 
tively large size of S. undulatus young when compared to other sper- 
mophiles. 

At birth the young Barrow ground squirrels are blind, naked, red, 
fetal-like objects, with the pinnae scarcely noticeable and the pig- 
mented eyeball showing clearly through the skin (Figure 5). They are 
capable of squeaky vocalization and can move slowly by wriggling 
the body and pulling themselves along with their fore-limbs, which 
are relatively well developed. By the second day after birth the be- 
ginning of hair growth is noticeable, accompanied by darkening ot 
the dorsum. Eyelashes, vibrissae, and short head hairs are apparent 
at this time, and the hind-limbs are starting to play a more important 
role in locomotion. By the fourth day (Figure 6) pigmentation, fol- 
lowing a cephalocaudal gradient, has extended further posteriorly 
and has darkened considerably. Additional pigmentation is noticed 
in the toes and on the tips of the ears. The umbilicus may still be ap- 
parent at this time. By the sixth day the vibrissae have reached a 
length of five millimeters, and both pigmentation and hair growth 
on other parts of the body have continued to develop. By the eighth 
day pigmentation has spread ventrally, and the beginnings of the 
adult dorsal spotting are noticeable. By the tenth day (Figure 7) 
short hairs cover the entire body, including the venter. While the 
chestnut color of the head is now apparent, the venter remains white. 
Pigment has invested the eyelid, and the external ear has reached 
a length of one millimeter. The voice is better developed and deeper 
sounds are substituted for the initial squeaks. By the 14th day a 
growl can be uttered. Continued development of the hair coat and 
more directed locomotion are noted throughout this period. By the 
18th day (Figure 8) the young can produce the chatter so charac- 
teristic of the adult, and by the 20th day the eyes of most of the 
young have opened. By the 22d day (Figure 9) the young evert the 
papillae of the anal glands in the pattern so characteristic of the 
adult (Mayer 5, p. 339), scold, scratch, and behave like adults in 
a’most every way. They have begun to take nourishment from 
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FIGURES 5-10. STAGES IN THE DEVELOPMENT OF YOUNG 
Spermophilus undulatus barrowensis. 
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5. Litter of nine on natal day. 

6. Litter of nine four days old. 

7. Litter of nine ten days old. 

8. Litter of nine eighteen days old. 

9. Litter of nine twenty-two days cld. 

10. One young of litter of nine at twenty-eight days of age eating 


laboratory diet. 
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sources other than the mother, and can soon be maintained exclu- 
sively on a laboratory diet if removed from their mother (Figure 10). 
From this time on the developmental pattern is chiefly one of con- 
tinued increase in size and weight, accompanied by a change in pelage 
from juvenile to sub-adult coat. 

Data were collected on the growth of young animals both in the 
field and in the laboratory. For illustrative purposes a laboratory- 
raised litter of nine young can be considered as typical for the spe- 
cies. Figure 11 summarizes the growth of this litter through the first 
44 days of life and shows a relatively slow and constant weight in- 
crease to about 20 days, at which point the weight had reached 109.9 
grams. During this time the weight increments did not exceed 13.7 
grams for any 48 hour period. Between the 20th and the 42d day, 
however, weight increased much more rapidly, going from 109.9 
grams to 542 grams, with a maximum 48 hour increment of 60 grams. 
This 23 day period between the 20th and 42d days was the period 
of most rapid weight increase, the weight curve leveling off after 
the 42d day. The total gain during this time was 432 grams, or 
53.2% of the average August adult weight of 924.9 grams. Thus by 
the 42d day of life the young ground squirrels had reached 58.6% 
of the weight attained by adults prior to entering hibernation. 

Weight changes are again considered in Figure 12, in which the 
weight gains have been plotted as instantaneous growth rates of the 
natural log Wz minus the natural log W:. This interpretation of the 
data shows that the weight changes follow a bimodal pattern, the 
highest peak being between the second and the sixth day and the sec- 
ond peak being between the 24th and 28th days. Near the 20th day 
the plot shows a less rapid growth, indicative of the fact that the 
young have now reached a size at which weight increment can no 
longer be maintained at the previous rate by nursing alone. Addi- 
tional food sources are apparently necessary if increase in weight 
is to be maintained at a high rate. When the eyes of the young open, 
between the 20th and 22d days, they can begin to utilize new sources 
of fcod, and it is believed that this fact accounts for the second spurt 
in weight increase. 

Referring again to Figure 11, it can be seen that the total length 
of the young increased in a linear fashion from birth to the 42d 
day, when it reached a length of 336.1 millimeters, or 85.5% of the 
average adult length of 393.2 millimeters. The young animals had 
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Growth patterns of litter of nine, illustrated in Figures 5 to 10, plotted as actual 
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thus attained approximate adult length by the 42d day of life. In 
Figure 5 the instantaneous growth rate plot for total length shows 


peaks roughly similar to those for weight. 


Figure 11 shows the plots of the growth rates for the tail length, 
hind foot length, and ear length in millimeters. These can be seen 
to be relatively typical growth curves. The tail reached an average 
length of 101.4 millimeters by the 42d day, or 88.6% of the 
average adult tail length of 114.4 millimeters. By the 38th day 
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the hind foot attained a length of 54.4 millimeters, or 86.7% of the 
average adult hind foot length of 62.7 millimeters. By the 40th day 
the ear reached a length of 12.5 millimeters, or 84.4% of the average 


adult ear length of 14.8 millimeters. As the ear does not begin to 


aS ee 


enlarge significantly until about the eighth day, this size was attained 
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Allometric nature of growth of the litter of nine is demonstrated by plots of various 
A smoother curve would probably have been obtained, 


lengths against weight. / 
it is believed, if a larger number of animals had been included. 
According to Allen’s Principle the appendages of northern forms 
are relatively shorter than those of their counterparts in temperate 
or tropical climates, the apparent reason being an adaptation allow- 
ing smaller amounts of exposed surfaces in the colder climates. When 
the appendages of S. undulatus are compared to those of S. beecheyi 
(Howell 2, p. 149), a California form nearly similar in size, Allen’s 
Principle is found to hold good in the instance of their tail length, 
of that of S. beecheyi, and in ear length, 


which is only 68.5% 
72% that of S. beecheyi, but not in hind foot length, which is 110% 
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that of the California squirrel. This exception is explicable, however, 
as another adaptation to the arctic environment. As the squirrels 
are active in the spring of the year, when snow still covers the 
ground, and also in the fall, when a similar situation may prevail, a 
large hind foot is beneficial for its snowshoe effect. This adaptation 
shows even greater development in certain other arctic forms such as 
the snowshoe hare. 

Fitch (1, p. 580) indicates that the young of S. beecheyi do not 
reach the size at which they appear above ground until about 55 days 
of age, while young Spermophilus undulatus emerge from the natal 
burrow about a month after birth, appearing above the surface of 
the ground shortly after the middle of July. The early appearance 
above ground of the northern form appears to be adaptive, allowing 
maximum time for foraging and preparation for hibernation. Twenty- 
five S. undulatus young captured from July 17th to 20th, when first 
emerging from the natal burrow, averaged 218.8 grams in weight. 
The average weight of 51 young captured throughout the month of 
July was 261.2 grams. Of those sexed, 22 males averaged 250.2 
grams and 15 females averaged 258.9 grams, or 8.7 grams more than 
the males (Figure 2). 

Thirty-nine young squirrels weighed in August averaged 567.3 
grams. Of those sexed, 20 males averaged 562.5 grams, and 15 
females averaged 539.3 grams, or 23.2 grams less than the males. 
The weight increment for the total population of young from July 
to August was 117%. 

In September the 12 young captured weighed an average of 880.3 
grams, the seven males weighing 892.6 grams and the five females 
weighing 863.1 grams, or 29.5 grams less than the males. The aver- 
age weight increment was 55% from August to September. 

In October only four young males were captured. These weighed 
an average of 909.2 grams, representing an increase of 3.28% over 
the average September weight. 

The preceding figures show August to be the month of greatest 
post-natal growth. This is further indicated by Figure 14, on which 
the monthly weight patterns have been plotted as instantaneous 
growth rates. Throughout the months of August and September to- 
gether there is an average gain of 237% over the July weight, the 
males gaining 256.8% and the females 233.4%. This increment is 
sufficient to allow the young squirrels to approach adult weight by 
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+3 the end of September, although they cannot fully attain the pre- 
hibernation weights of adults during their first summer, even by post- 
> poning hibernation until October. The average weight of five male 
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Changes in weight for young animals of the study area plotted as the natural log W 
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adults in August was 13% or 118.2 grams more than the average 
of the four young males weighed in October. The pre-hibernation 
weights of young and adult females, however, showed less difference. 
The average weight of ten female adults captured in August was only 
10.5 grams, or 1.2% more than that of five young females weighed 
in September. Despite the failure of the young to fully attain adult 
weight before hibernation, both the male and female young emerge 
in breeding condition the following spring. 


SUMMARY 


The growth and developmental patterns of Spermophilus undulatus 
barrowensis are correlated with the arctic climate. Early emergence 
of the adults from hibernation while snow still covers the ground 
allows for mating in May, the animals existing during this time on 
stocks of stored food from the previous fall and what dead and 
frozen vegetation can be dug from beneath the snow. The young are 
born in June after a short gestation period of 25 days. They nurse 
for about one month and then appear above ground in July, when 
fresh, green vegetation is abundant. The young are born relatively 
well developed as compared to the young of other spermophiles, and 
they continue to grow at such a rapid rate that by their 42d day 
they have reached over 80% of adult size and 58.6% of adult weight. 
This rapid development allows them to take full advantage of the 
brief summer season and also frees the mother from caring for them 
at an early date, so that she can regain lost weight. After the breed- 
ing season the adults gain weight rapidly and are ready to enter 
hibernation in August. The young require an extra month to ap- 
proximate adult weight, and most of them do not enter hibernation 
until September. 

Thus an adaptive growth pattern allows the adults to mate, to give 
birth to young, and to prepare for hibernation between May and Sep- 
tember. The young animals are able to attain approximate adult size 
and weight as well as able to prepare burrows and store food in the 
period from June to September, with an occasional animal still active 
in October. Within this brief growing season the young have also 
reached that point in development where they can emerge in the 
spring of the following year at their full reproductive potential. 
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